The heat of the reaction NAD++propan-2-ol = NADH+acetone+H+ was determined to be 42.5±0.6kJ/mol (10.17±0.15kcal/mol) from equilibrium measurements at 9-420C catalysed by yeast alcohol dehydrogenase. With the aid of thermochemical data for acetone and propan-2-ol the values of AH= -29.2kJ/mol (-6.99kcal/mol) and AGO = 22.1 kJ/mol (5.28kcal/mol) are derived for the reduction of NAD (NAD++H2 = NADH+H+). These values are consistent with analogous but less accurate data for the ethanol-acetaldehyde reaction. Thermodynamic data for the reduction of NAD and NADP are summarized.
109K(l) (M) Observed 2.87, 2.89, 295 3.07 3.14 3. 44, 3.68, 3.71 3.60 3.52 3.70, 3.72, 3.74 8.02, 8.07, 9.24 13.8, 14.6 13.8, 15.6, 15.8 14.7 14.9, 16.0, 16.1 17.6, 17.8, 18.7 18.9, 19.7, 19 4.8mM-phosphate, I= 0.013. The initial pH was 7.69 at 25°C as measured by a glass electrode and calomel half cell by using a standard of pH7.413 (KH2PO4, 1.179g/litre; Na2HPO4, 4.30g/litre). Semi-micro cells were used in a temperature-controlled compartment of a Hilger-Gilford spectrophotometer. The enzyme was added last in some reaction mixtures, but in others the acetone was added several minutes after the enzyme so that the final equilibrium was reached from the side of NADH excess (Burton & Wilson, 1953) . Equilibrium was reached 10-60min after the last addition. The temperature was measured at equilibrium in each cell by a thermistor probe thermometer (Light Laboratories, Brighton, Sussex, U.K.), and the concentrations were determined as described by Burton & Wilson (1953) .
The principal results are shown in Table 1 . The final pH values are calculated for the known effects of temperature on the pK of phosphate (Bates & Acree, 1935) , and for the pH change owing to the liberation of H+ ions by the reduction of NAD+. Since the effect of ionic strength on the pH of a buffer depends on the Debye-Huckel constant A, which is a function of temperature, a further small correction was applied. For this purpose it was considered sufficient to use the equation pK'= pKa-0.3A at I= 0.013. These procedures were adopted because it was considered that calculation would introduce smaller errors than direct measurement of the final pH. The interpolated value at 250C is K(j) = 7.7 x 10-9M, in excellent agreement with 7.19 x 10-9M which was originally reported by Burton & Wilson (1953) .
The ethanol-NAD+-acetaldehyde equilibrium was also measured in a similar way but by using only 50g ofenzyme and with no addition ofacetaldehyde. The equilibrium constants were calculated assuming that the concentrations of acetaldehyde and NADH were identical with each other. The interpolated value of K(2) at 250C is 6.92x10-12M, corresponding to AG02) = 63.7kJ/mol (15.23kcal/mol).
Discussion
The data in Table 1 were analysed by a least-squares fit of In K and of lIT to a straight line, T being the absolute temperature. AH was then calculated from the slope, [AH=-RdlnK/d(1/T)], for which the S.D. was ±1%. R was taken as 8.31433J mol-l'K-'.
Hence, AH(1) = 42.5±0.6kJ/mol (10.17±0.15kcal/ mol) at 25°C including an allowance for other errors. Also, AG'(1)=46.5kJ/mol (11.llkcal/mol; Burton & Wilson, 1953) again at 25"C.
Likewise, from the data of Relevant thermochemnical data are summarized in Table 3 . They were derived with the same values for atomic weights of C, H and 0 and for the enthalpies of formation (AH°) of CO2 and water as used in earlier compilations of such data (e.g. Rossini et al., 1952; Burton & Krebs, 1953; Green, 1961; Stull et al., 1969; Cox & Pilcher, 1970) . The primary data Ancillary data g -aq., AG'=0-1.45 (1) I aq., AHO = -4.28 (2) I-aq., AHI =-2.37 AG°= -1.33 (3) 1 ->aq., AHO =-2.49 (4) AGO = -1.62 (5) 1 aq., AHl =-2.83 (6) AGO = -1.18 (5) are taken from the tabulation of Stull et al. (1969) ,
whose AHf values for acetone, acetaldehyde and propan-2-ol are identical with or very close to those selected by Cox & Pilcher (1970) . For ethanol, however, Cox & Pilcher (1970) selected a AHr? value based on the data of Rossini (1932) , whereas Stull et al. (1969) preferred the value of Chao & Rossini (1965) partly because they considered that the earlier data might have been influenced by water impurity.
From Table 3 we obtain AH3) = 71.8kU/mol (17.16kcal/mol) and AG(3) = 24.4kU/mol (5.83 kcal/ mol) for the reaction: Propan-2-ol(aq.) = acetone(aq.) + H2(g) (3) Likewise, AH4) =77.4kJ/mol (18.51 kcal/mol) and AGO, = 41.5kJ/mol (9.93kcal/mol) for the reaction: Ethanol (aq.) = acetaldehyde(aq.)+ H2(g) (4) From eqns. (1) and (3) we obtain AH(5)= -29.2kJ/ mol (-6.99kcal/mol) and AG?s) = 22.1 kJ/mol (5.28 kcal/mol). It is difficult to give reliable assessments of the probable errors, but it seems that the AH(5) value should be at least accurate to ±1.SkJ/mol (0.4kcal/ mol) and that the AG0 value is somewhat more reliable. NAD+(aq.)+H2(g) =NADH(aq.)+H+(aq.) (5) Less certain estimates can also be obtained from reactions (2) and (4). The above values give AH(^) = -30.6kJ/mol (-7.31 kcal/mol) and AG0(5)= 22.2kJ/ mol (5.30kcal/mol), but if the AHf values for acetaldehyde and ethanol selected by Cox & Pilcher (1970) are used AH(5) and AG?5) become -31.6 and 21.2kJ/mol respectively. In these calculations, AG(2) differs slightly from that used by Burton & Vol. 143 Wilson (1953) , based on the value of K(2)= 1.15
x 10-I1M (Racker, 1950) . A lower value is indicated by the data ofBicklin (1958) and other data discussed by him as well as by the measurements in AH(M,=-6.7±1.3kcal/mol (Poe et al., 1967) . The value of -3.56kcal/mol basedonoxidation-reduction potential measurements (Rodkey, 1959) is evidently wrong and earlier values ofabout 7kcal/mol for AH(2) (Gierer, 1955; Backlin, 1958) Taking AH(6) as -0.95kcal/mol, AH(7) = -6.04kcal/ mol (-25.3 J/mol) for the reaction NADP++H2 = NADPH + H+
Also, Engel & Dalziel (1967) give AG(6) = -0.71 kcal/mol and so, AG07) = 5.28 + 0.71 = 5.99kcal/mol (25.1 kJ/mol).
The values arrived at in the present paper are summarized in Table 4 . In addition, AG (5) and AGO (7) are calculated for several temperatures between 100 and 40°C by using the equation AGO= -AH-T-AS and assuming that AH and ASO are constant within the temperature range.
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